Technique of Hb Estimation
The exact technique was as follows: The middle finger of the left hand was cleaned with a cotton-wool swab moistened with ether. A tourniquet of 3 in. rubber tubing was applied proximal to the distal phalanx, and a prick made to one side of the nail with a chisel-pointed automatic needle. (This needle was re-sharpened daily.) The tourniquet was at once released and the first small drop of blood was used to make two thin blood films on clear numbered slides. The tourniquet was again applied and a bead of blood allowed to appear. This was sucked to the mark in a 0-075-ml. pipette attached to 5 in. of '-in. rubber tubing fitted with a glass mouthpiece. This long length of tubing is a great convenienice, as it allows the operator considerable freedom of movement. The end of the pipette was wiped on cotton-wool, the level adjusted to the mark (if necessary), and the blood blown into 7-5 ml. of N/l0 NaOH solution previously placed in a boiling tube, and the alkali sucked up and down. The pipette was then removed from the tube and placed on the bench. An assistant, who was seated behind the operator and had recorded the subject's name and laboratory serial number during these proceedings, at once seized the pipette and washed it on a suction pump with water, alcohol, and ether. The whole speed of the process depends upon this assistant, and it was found possible, using only two pipettes, to alkalinize over 100 blood specimens in two 2-hour sessions on the same day.
The boiling tubes were charged with alkali before the session began, using alternately two 7 -5-ml. automatic pipettes. The alkalinized blood was evaluated by the assistant, and the results read from a graph, originally calibrated with alkaline haematin made from pure haemin, checked by 40 oxygen capacity measurements made by the method of van Slyke and Neill (1924) and rechecked at Hereford against a sample of alkaline haematin supplied by Dr. E. J. King. No adjustment of the original calibration was found to be necessary.
The absorptiometer cups were filled by pipette and emptied in situ by a fine tube attached to the suction pump, no attempt to wash them between estimations being made, as the trace of alkalinized blood left in would cause less error than a similar amount of water, and to wash and dry between each estimation was quite impracticable.
The possibility of error arising from such factors as engorgement due to the tourniquet or cold hands was considered, and a series of control experiments showed that variations due to these causes could be ignored.
Diurnal variation was as far as possible eliminated by arranging the time-table in such a way that each section attended at the same hour on each sampling, and violent exercise before examination was avoided.
The alkaline haematin method was chosen because it is quick, reasonably accurate and free from subjective error. The Haldane-Gowers (1901) technique was ruled out because no gas supply was available, apart from any other consideration, but the results have been expressed in percentages on the B.S.I. Haldane scale (100%=14-8 grams Hb%: Macfarlane and O'Brien, 1944; King, Gilchrist and Matheson, 1944) in order to make comparison with published data easy.
It should be stressed, however, that the primary object of this investigation was to assess the effects of training upon the subjects, not to compare the results with other series, so that the fact that the method used is not that used in the Haemoglobin Survey Committee's (M.R.C., 1945) investigations is not of great moment.
It would have been impossible to make the estimations in the time available by the Haldane-Gowers technique, and, as it was, variance from technical sources was reduced to a minimum by using only two carefully calibrated pipettes, one photometer cup, and one operator evaluating the alkalinized blood.
Owing to the differences in technique employed, no statistical computations of the significance of differences of the haemoglobin values herein reported and the observations of other workers have been carried out, but such computations are justifiable in the case of the siderocyte levels, since not only was the technique the same but most of the counts were performed by the same observer.
The blood films were numbered with a diamond, dried in air, and fixed in methyl alcohol at the end of each session.
Films for siderocyte estimations were stained by the xoc1 dipyridyl-thiocyanate technique of Case (1944) and counterstained with 1 % Biebrich scarlet. The slides were examined with a 2-mm. oil-immersion lens and a x 12 ocular, and the siderocyte incidence estimated by counting 16 siderocytes and the distribution of nonsiderocyte erythrocytes around them. The incidence is then given by the equation f%= m -I x l ' where f is the frequency of the abnormal cell (siderocyte),m is the n I number of abnormals counted, and n is the number of normals counted during the observation. The mathematical justification for this procedure is fully discussed by Haldane (1945a Haldane ( , 1945b , and the method of sampling has become known as inverse binomial sampling (Tweedie, 1945; Case, 1945a) . The method has the advantage of great accuracy when a small fraction of abnormals are present, and of a saving of time and labour when a large fraction exists.
The duplicate blood films from the " anaemics " were stained with Leishman's stain in the usual manner. Table I shows the means, standard deviations, and coefficients of variation of the haemoglobin values for each company before and after training, and also for the whole 663 recruits. (These parameters are calculated from the ungrouped data.) Table II shows the corresponding parameters for the siderocyte levels. Computations of the significance of the difference of the means before and after training were carried out, " Student's " (1908) " t " test being employed, and the " t " values and approximate probabilities are shown in Table III . .0-001 -3*1 .0*001 Table IV analyses the difference and significance of difference of the coefficient of variation. .0-001
RESULTS
These tables show that, with the exception of the third company, there is a highly significant rise in the mean haemoglobin value, and, in all companies, an even more highly significant fall in the mean siderocyte level. Furthermore, a significant contraction of the coefficient of variation of the haemoglobin values 
S12=±6-22%
The column and line Flo and F20 show the frequency distribution of Hb in 5 0 class intervals and siderocytes in 2 per 1,000 class intervals.
is demonstrated. The third company, however, differs materially from the other two both on incoming and on outgoing. Tables V and VI are correlation tables of the haemoglobin levels grouped in 5% class intervals and siderocyte levels in 2 per 1,000 class intervals. From this grouped array the correlation coefficient (r) and the regression coefficient with the haemoglobin as the dependent variable (b12) have been calculated in each case.
There is a fairly high degree of correlation (0 -82 and 0 62. n=663) in each case, but the alteration in the value suggests that other factors than an alteration of haemolytic rate, as shown by the siderocyte levels, have been at work in bringing about the altered picture. This point will be discussed later.
The haemoglobin levels in these tables have been grouped around mid-points faling on the 5 The column and line Fl and Fl0 show the frequency distribution of Hb in 5% class intervals.
The column " Down " shows a fall from the original class interval; " Stat." remains within the original class interval; and " Up " shows a rise from the original class interval.
This point is more clearly demonstrated by Fig. 2 , which shows the percentage in each incoming class interval that rise, fall, or remain within their original class interval. Tables IX and X show the figures for the haemoglobin levels before and after training, and figures derived from the data of Davidson et al. (1943) and the Haemoglobin Survey (M.R.C., 1945). For sampling reasons discussed at length in the Survey, and mentioned here previously, no attempt has been made to calculate significance of differences for this data.
TABLE IX
Comparison of haemoglobin levels of 663 recruits, before and after training, with haemoglobin levels of random samples of schoolboys, students, and factory workers (male) (data of Davidson, Donaldson, Lindsay, and McSorley, 1943) 
DISCUSSION
For convenience it is proposed to discuss the foregoing results here, and to deal with the details of the recruits classified as " anaemics " in a separate section.
Haemoglobin Levels
The mean haemoglobin level of these recruits on entering the training centre was definitely lower than accepted standards for males of this age group (17-20). However, mean haemoglobin values seem to be associated with occupation rather than age group, and Table IX shows several groups for comparison. The recruits, on entering, were obviously drawn from a variety of occupations. During training the mean value rose considerably, and the final figure of 98 7 % can probably be considered as a fairly satisfactory value. Not only does the mean value rise, however, but the scatter around the mean (coefficient of variation) is also significantly changed, becoming considerably smaller. This is brought about to a large extent by the rise of the lower values; but a second factor-the fall of initially high values-also comes into play in bringing about this contraction. This fall of the higher values is well shown by Table VII and Fig. 2 , and is of interest because it gives rise to the hypothesis that under training there is a tendency to converge upon a mean value, which is perhaps physiologically more suited to the particular mode of life for which the training is a preparatory process. If further studies on similar lines should substantiate this hypothesis, then an explanation is forthcoming for the occupational fluctuation of mean values observed in the Haemoglobin Survey. It would imply that for a given mode of existence there is an optimum level of respiratory pigment, which is not necessarily the maximum observed in so-called " normal " groups.
There are several possible explanations for the mechanism whereby the reduction of the higher values is brought about, which may be summarized as follows:-
(1) Hydration balance may be a factor, the haemoglobin concentration being affected by fluid shift rather than by alteration of the total amount of circulating pigment.
(2) Faulty ventilation, due either to bad breathing habits or to variations of alveolar epithelial permeability, may have produced a compensatory rise, which is corrected by improved oxygenation after training.
(3) A true dynamic haematological imbalance may have existed, which is corrected by a haemolytic process overtaking the haemopoietic process until an optimum level is reached. This process could be brought about by retardation of haematopoiesis with no change in haemolytic rate, by acceleration of destruction of erythrocytes with no increase of haematopoiesis, or by both mechanisms at work simultaneously.
(4) More than one of these processes may be at work at the same time, since the explanations are not necessarily mutually exclusive.
A comparison of the observed values for the recruits before and after training with data on large groups of males collected by other workers show that under training, the haemoglobin values approximate fairly closely to those of males of the same age group, with the reservations inherent in the occupational fluctuation, and also reveals that before training a disproportionately large percentage of the recruits had low haemoglobin values (Tables IX, X, and XII), but that after training this figure is much the same as in the males under 20 examined in the Haemoglobin Survey.
Siderocytes
The siderocyte is an ageing erythrocyte, and appears to be a good index of the percentage of erythrocytes being removed from the circulation at any given time (Case, 1943 (Case, , 1945b . A study of these cells should therefore provide some information about the dynamics of the erythron in such groups of subjects as we are now dealing with. Normal levels have been established (Case et al., 1945) and the raw data are available for comparison purposes.
In the incoming recruits, the siderocyte mean is shown to be raised, but after training the picture is not significantly different from that presented by the normals previously studied. The mean and coefficient of variation approximate very closely, and the distribution graphs are very similar.
The correlation coefficients of the siderocytes and haemoglobin levels are of interest. On incoming, the coefficient is high, suggesting that much of the variance of Hb levels is explained by haemolytic processes, -but after training, when the siderocyte picture is normal, the correlation has dropped, which suggests that other mechanisms are at work-a possibility adumbrated above.
The coefficients of regression calculated from the grouped data are of value, since, with their corrected standard errors of estimate (Sb12), they allow of a forecast of the amount of change of Hb level expected per unit siderocyte change if the factors involved remain constant. A study of the observed changes and calculated changes will help in elucidating the number of mechanisms at work. This technique will be used in the section dealing with the " anaemics."
The significance attached to the difference of the various parameters of the siderocyte figures for the incoming and outgoing recruits is greater than that attached to the difference of the haemoglobin parameters, and this suggests that the siderocyte might be an even more sensitive indicator of the effects of training than the haemoglobin levels themselves, though obviously it is still better to use both indices.
Homogeneity of Material
The entrants were divided into three sections. As has been previously mentioned, the first two sections were selected by the same methods, and had had about 14 days' previous training before entering the P.D.C. The third section was selected by a different type of selection board, and arrived without any preliminary training whatsoever.
The haemoglobin and siderocyte figures for the third section differ very materially frQm those of the other two sections, which, statistically, may be regarded as being drawn from the same haematological universe. The third company came in with a much higher haemoglobin mean, which actually fell under training, but with a lower siderocyte mean, which fell under training to the same value as the other sections. Furthermore, some members of the third company actually became " anaemic " during the training period (see below).
There was no reason to suppose that the third company differed from the remaining companies in social and occupational background, so it would seem probable that the differences found must be attributable to differences in the mechanism of selection or to the alteration in time relationship of the training period to the observations (or to both these factors).
There is, of course, no evidence in these data concerning the first of these alternatives, but there are indications that the second concept may play a quite considerable part in the observed phenomena. The third company, with a lower haemolytic tendency as shown by the siderocyte levels, came in with a higher haemoglobin mean, including a fairly large number of high values which decreased, and a number who actually became " anaemic " during training. If the hypothesis of the convergence upon an optimum mean related to the environmental conditions is sound, it may well be that such mechanisms as are brought into play do not at once establish the desired equilibrium state, but tend to overact at first, causing an oscillation around the optimum, possibly of progressively decreasing magnitude. This hypothetical optimum does not interfere with the concept of diurnal variation, being-itself subject to such change. It is possible that the extra 14 -days' training (25 % of the total time) was a sufficient length-of time to allow the adjusting forces to come into play and produce the discrepancies in the incoming observations, and that the magnitude of the oscillation had decreased sufficiently in the final 14 days to allow the observed difference to occur. Studies on " Anaemics "
As previously stated, for the purpose of this research, all recruits who on entry returned a haemoglobin value of less than 86% were arbitrarily classified as " anaemics," and were made the subject of more extensive studies. These studies are, in fact, a detailed investigation of the low-value tail of the distribution curve of the haemoglobin levels.
In addition to the investigations discussed under " Methods," these " anaemics" were divided into two approximately equal groups, and 9 grains of ferrous sulphate administered daily for a period of 30 to 50 days to one group. The division into groups was intended to be random, but there is some reason to believe that there was a slight bias in favour of treating the worst anaemics (i.e., those with the lowest levels) with iron, this bias being connected with " ethical " considerations.
Results.- Table XI shows the effect of iron therapy upon the anaemic group receiving ferrous sulphate contrasted with the behaviour of the control group of anaemics who were not so treated. Apart from a smaller coefficient of variation in the outgoing levels of the iron-treated recruits, there is no evidence that the exhibition of iron influenced the behaviour of the haemoglobin values, and, since both groups improved markedly under training, this means that there is here no evidence of an iron-deficiency anaemia requiring iron supplementary to the amount provided in the diet. The figures do not, of course, show that iron deficiency played no part in the aetiology of the anaemia, since the diet contained reasonable amounts of iron, but, since the improvement took place so quickly without supplementing the diet, any such deficiency must have been of a minor degree. Table XII shows the incidence of " anaemia " in the recruits before and after training compared with the incidence of " anaemia " in the Haemoglobin Survey's series. Before training there was a marked preponderance of low levels, but after training the incidence was much the same as in the Survey's group.
Of the 93 anaemics of the incoming group, only 8 were " anaemic " at the end of the training period, and of the remaining 570 recruits who were not "anaemic " on entry, 17 became anaemic during the course; 14 of these 17 were from the third section.
group.bmj.com on June 23, 2017 -Published by http://jech.bmj.com/ Downloaded from Table XIII shows the details of the 17 entrants who became " anaemic " and also shows the behaviour of the haemoglobin levels calculated from the regression coefficients of the whole group, and the residual deviations (z') from the expected behaviour. This analysis shows that 4 out of 17 cases lie outside one standard deviation of the residuals and 1 outside two standard deviations on the calculations based on the incoming data. This is much what would be expected itfthe association of siderocytes and haemoglobin contributed the same amount to the erythron dynamics in each case. From the second calculation, based on the outgoing data, the observed differences of haemoglobin exceed the calculated differences by more than one standard deviation in 10 out of 17 cases, by more than two standard deviations in 5 cases, and three standard deviations in 1 case. This is much more than is expected if the interplay of causes is similar in the " anaemics " and the recruits after training.
It therefore appears that these entrants who became " anaemic " during training show a similar haemoglobin-siderocyte pattern to the whole body of recruits Hb diff. -6 -10-8 -5-25 + 2-8 -21-6. -945 + 7-6 -10-8 -5-25 3-2 -14-4 -6-3 -5-6 -2-4 -1-05 before training, but little similarity to the after-training picture. Since the great majority of these groups are drawn from the third section, this finding lends some support to the time-relation theory already outlined. Table XIV shows the details and a similar analysis of the 8 recruits who remained " anaemic " throughout the course. Here the observed differences agree equally well with differences computed from each regression coefficient, in each case 2 out of 8 lying outside one standard deviation and 1 outside two standard deviations. In fact, the observed differences tend to lie between the two sets of calculated differences, suggesting that the training has brought about only a part of the change observed in the bulk of the entrants. Table XV shows the cytological analysis of the 93 "anaemics," subdivided into those receiving iron therapy and those not receiving it.
Both on entry and outgoing, the " anaemics " fell quite naturally into three classifications-normochromic normocytic anaemias, hypochromic normocytic anaemias, and hypochromic microcytic anaemias. These diagnoses were made on microscopical criteria, it not being practicable to make haematocrit or cell diameter studies. The table shows the cytological improvement resulting from training, and again reveals that iron therapy does not appear to have influenced the end result. Table XVI shows the detailed cytological analysis of the 11 " anaemics " who entered with a haemoglobin below 76%. Of these, one was probably a case of " splenic anaemia " and one gave a history of recent exposure to lead hazard. In one, the white cell picture was abnormal, and this was the only abnormality in differential counts noticed in the whole anaemia investigation.
Discussion of the " Anaemic " Recruits A rather unexpectedly high proportion of the recruits were found to have haemoglobin levels below 86% on admission (93 out of 663=14%), and a much smaller fraction (11 out of 663=17%) fell below 76%. After the course, the incidence was 25 (=3' 8 %) and 2 (=0' 3 %). Of these, 8 and 1 respectively were residua from the original " anaemics," the others having fallen below the critical value during the course. The " anaemias " were of " simple " type, about half being originally normochromic normocytic, over one-third being hypochromic normocytic, and the remainder hypochromic microcytic. After training, the blood picture was normochromic and normocytic in 79 out of the 93 cases, and hypochromic microcytic in only 3 instances. Anisocytosis and poikilocytosis were rather rare findings.
The white cell picture was remarkably normal in these " anaemics," only one abnormal picture-a relative and absolute neutrophil polymorphonuclear leucocytosis-being found. One case had a rather low total white count. This was the most severe and resistant anaemia of the whole group, and was thought to be a " splenic anaemia." One anaemia was thought to be possibly associated with lead hazard.
Iron deficiency of any marked degree was excluded as an aetiological factor in the production of the " anaemias " by giving adequate therapeutic doses of iron (ferrous sulphate, 9 grains daily for 30 to 50 days) to about one-half of the " anaemics." Apart from a lower coefficient of variation in the treated group, there was no difference in the end-result in the two groups.
Another-unexpected finding was that 17 cases who came in with haemoglobin values over 85%, of whom 7 were over 95 % and 3 over 100 %, went out with haemoglobin values of less than 86%. It is of considerable interest that 13 of these 17 cases came from the third company, whose differences from the remaining two companies have been discussed. A comparison of the observed fall in haemoglobin values and that calculated from the haemoglobin-siderocyte regression coefficients suggests that the factors working on the haematological equilibrium are similar in their quantitative results to those obtaining in the " non-anaemics " before training, rather than to those after training. It seems possible that this technique of residual estimation from a haemoglobin-siderocyte regression holds possibilities in haematological investigations. A similar analysis of the " hard core " of anaemics suggests that the dynamics of their haematological equilibrium lie between that of the incoming recruits and that of the outgoing ones.
SUMMARY
A study of the haematological picture of 663 substandard recruits under training has been made, using haemoglobin estimations, siderocyte counts, stained films, and in some cases full blood counts. Many further data, such as social background and family history, were collected during the investigation, but it is outside the scope of this communication to attempt to correlate these, and this discussion is purely haematological in its treatment.
On starting the course the recruits had a rather low (94 5 %) haemoglobin level, with a high proportion (14%) of values below 860%. After training the mean had risen to 98-7 %, and the incidence of low values had fallen to 3 * 8 %. These latter figures are very similar to the figures obtained by the Haemoglobin Survey (M.R.C., 1945) for a random sample of males of the same age.
Not only did the haemoglobin mean rise during training, but the scatter around the mean, expressed as the coefficient of variation, also diminished significantly. At the same time there was a marked tendency for values to converge upon a modal point at the level 97 5 %-102. 50%. This converging tendency gives rise to a hypothesis that there may be an optimum haemoglobin level associated with the occupational environment.
The siderocyte levels on entrance were raised (7* 8 per 1,000), but fell to " normal " values (4* 7 per 1,000) after training. There was a high degree of correlation between the siderocyte levels and the haemoglobin levels, and regression coefficients were calculated before and after training. These coefficients were used to calculate the expected behaviour of the haemoglobin values of some groups of recruits, and a possible method of analysing some of the factors affecting haematological equilibrium was developed.
The " anaemias " were investigated and found to be " simple " normochromic normocytic, hypochromic normocytic, or hypochromic microcytic in type. Most of them improved markedly under training, but the administration of ferrous sulphate to about half of them had no effect. However, the diet was not deficient in iron.
